A 71-year-old man with alcoholic cirrhosis was found to have multiple hypervascular lesions in the liver on enhanced computed tomography. An ultrasound-guided biopsy of the lesion was performed. Immunohistochemical analysis for hepatocyte paraffin 1 expression was negative; cytokeratin (CK) 7, CK19, epithelial cell adhesion molecule and epithelial membrane antigens were positive; mucicarmine staining was negative. The tumor was thus histologically diagnosed as cholangiolocellular carcinoma (CoCC). The tumor was inoperable due to the associated advanced liver disease. In addition, the patient preferred systemic chemotherapy using only orally administered agents. Thus, S-1 monotherapy was recommended. S-1 was initially administered orally at a dose of 80 mg̸day. Although the levels of tumor marker (prothrombin induced by vitamin K absence̸antagonist-II and carbohydrate antigen 19-9) levels were marginally elevated, their values did not change over the entire course. The patient achieved a partial response according to the Response Evaluation Criteria In Solid Tumors (RECIST) and modified RECIST 1 year after chemotherapy initiation. In conclusion, S-1 monotherapy exhibited promising efficacy against unresectable CoCC.
Introduction
Cholangiolocellular carcinoma (CoCC) was first reported as an adenocarcinoma originating from the smallest cholangioles and ductules/Canals of Hering (1) . CoCC is categorized as a subtype of intrahepatic cholangiocarcinoma (ICC) based on the criteria of the World Health Organization (WHO) (2) .
However, it is currently classified as a subtype of combined hepatocellular carcinoma (HCC) and cholangiocarcinoma (cholangiocellular subtype with stem cell characteristics), based on the criteria of the 2010 WHO classification (3) . In Japan, CoCC was classified as an independent primary liver cancer in 2008 (4) . In a Japanese study, four cases of CoCC were identified among 708 (0.56%) consecutively resected cases of primary liver cancer (5) .
Due to its low frequency, the clinicopathological characterisitcs of CoCC have not yet been fully elucidated. Moreover, only few cases have been reported in the English literature. Surgery is the only curative treatment for CoCC. Ariizumi et al reported that hepatectomy in patients with CoCC produced favorable long-term survival rates due to the less invasive histopathological characteristics of this tumor (6) . However, several cases may be discovered at an advanced stage; thus, chemotherapy is indispensable for the treatment of advanced CoCC. S-1 is an orally administered drug that combines three pharmacological agents: Tegafur (FT), a prodrug of 5-fluorouracil; 5-chloro-2,4-dihydroxypyridine (CDHP), which inhibits dihydroxypyridine dehydrogenase (DPD) activity; and potassium oxonate (Oxo), which reduces gastrointestinal toxicity (7) . In a phase II trial for biliary tract cancer (BTC), including ICC, S-1 monotherapy showed promising results, with a favorable response rate (35%) and median survival time (9.4 months), with mild toxicity (8) . Therefore, S-1 is considered to be a promising agent for the treatment of advanced BTC, and has been approved for advanced BTC by social insurance in Japan. S-1 has also been demonstrated to have potent antitumor activity against various solid tumors in clinical studies (9) (10) (11) (12) .
We herein present a case of CoCC diagnosed following liver biopsy and effectively treated by S-1 monotherapy.
Case report
A 71-year-old man was admitted to the Kansai Medical University Takii Hospital (Osaka, Japan) for investigation of hepatic lesions in a background of alcoholic cirrhosis, Child-Pugh class B (score 7). The hepatitis C virus antibody and hepatitis B surface antigen tests were negative. The levels of tumor markers, including carbohydrate antigen (CA) 19-9 and protein induced by vitamin K absence̸antagonist-II (PIVKA-II) were marginally elevated (Table I) . Ultrasound surveillance followed by a triple-phase computed tomography (CT) scan revealed various hypervascular lesions, measuring 54 mm in segment 5̸8, 17 mm in segment 4 and 8 mm in segment 2. These tumors showed enhancement in the early phase of dynamic enhanced CT and persistent enhancement in the delayed phase. The margins of the tumors ware not clear. The patient also underwent hepatic angiography. On common hepatic angiography, the entire tumor showed hypervascularity and pooling on the delayed images. CT during hepatic arteriography (CTA) showed that the tumors were enhanced (Fig. 1A) , whereas the tumors were depicted as a complete contrast defect using CT during arterial portography (CTAP) (Fig. 1B) . Transarterial chemoembolization (TACE) was performed for these hypervascular lesions via the right and left hepatic arteries. A solution of lipiodol 5 ml, epirubicin 50 mg, and Gelfoam fine particles was injected. However, 1 week after TACE, a follow-up CT of the liver revealed the absence of almost any lipiodol granules.
Given the characteristic appearance of well-enhanced nodules with ill-defined margins, the differential diagnosis included CoCC, ICC, combined HCC and cholangiocarcinoma, focal nodular hyperplasia, or nodular transformation. An ultrasound-guided biopsy of the lesion at segment 5̸8 was performed. The pathological findings revealed that the tumor cells exhibited mild atypia and invasively proliferated in a ductular morphology without mucinous fluid production. Immunohistochemical analysis for hepatocyte paraffin 1 was negative, whereas staining was positive for cytokeratin (CK) 7, CK19, epithelial cell adhesion molecule and epithelial membrane antigen (EMA); mucicarmine staining was negative ( Fig. 2) . The staining pattern for EMA showed positivity in the membranous area of the lumen; this membranous staining pattern of EMA is characteristic of CoCC (13) . Thus, the tumor was histologically confirmed to be a CoCC.
The tumor was already at an advanced stage and surgical treatment was not possible due to insufficient function of the residual liver. In inoperable cases, palliative treatments are available, such as intra-arterial chemoembolization and systemic chemotherapy (14) . The patient refused hospitalization and intra-arterial chemoembolization is only applied if systemic chemotherapy fails. The most promising approaches involve the use of single-agent gemcitabine or combination regimens with gemcitabine and cisplatin (15) . However, the patient preferred systemic chemotherapy using only an oral administration agent. Thus, S-1 monotherapy was recommended.
S-1 was initially administered orally at a dose of 80 mg̸day in May, 2013. The schedule was 4 weeks of S-1 administration followed by a 2-week drug-free interval. The clinical course following administration of S-1 is presented in Fig. 3 . Although macrocytic anemia occurred after 2 cycles, the treatment was again implemented following an interruption. After a regimen of a 2-week treatment followed by 1-week rest was performed for 4 cycles, the dosage was increased to 160 mg̸day. However, macrocytic anemia occurred again after 3 cycles; as a result, a regimen of 2 weeks of treatment at a dose of 80 mg̸day followed by 2 weeks of rest has been used thereafter. Side effects other than hematological toxicity, such as skin pigmentation and diarrhea, were not observed for 15 months. Although tumor marker levels (PIVKAII and CA19-9) were marginally elevated, their values did not change over the entire course. Pleural effusion and ascites have not appeared during treatment. In addition, the tumor has not spread to lymph nodes or other organs. One year after S-1 monotherapy, a dynamic CT scan showed disappearance of the intratumoral arterial enhancement in the lesion at segment 5̸8, whereas the lesions at segments 4 and 2 were both smaller in diameter (Fig. 1C) . Two standard sets of criteria were used to evaluate the tumor response to S-1 monotherapy: The Response Evaluation Criteria in Solid Tumors (RECIST) (16) and the modified RECIST (mRECIST) (17) . According to RECIST, the sum of the longest diameters of all target lesions decreased by 53%, which was classified as partial response (PR) by the end of the 1-year treatment (Fig. 1C) . According to mRECIST, the sum of the longest diameters of the enhanced tumor areas during the arterial phase decreased by 84%, which was also classified as PR (Fig. 1C) .
Discussion
This case report describes a successful outcome using salvage chemotherapy with S-1 for unresectable CoCC in a patient resistant to prior TACE. As CoCC is an extremely rare primary malignant tumor in the liver, with a frequency as low as 0.56% in Japan (5), the optimal treatment option for unresectable CoCCs has not yet been determined.
The majority of CoCC cases exhibit hyperenhancement in the early phase of contrast-enhanced CT and hypervascularity on angiography (18, 19) . Persistent enhancement in the late phase of contrast-enhanced CT has often been confirmed. These characteristics may reflect slow diffusion of the contrast agent into the fibrotic component of the tumor, which is similarly seen in cases of ICC (20) . The characteristics of this case were comparable to previous reports. However, a representative cancer duct was 25 µm in diameter and thicker than a true Hering's canal. There was no production of mucinous fluid in the ducts (hematoxylin and eosin staining; magnification, x50). On immunohistochemistry, the tumor was positive for (B) epithelial membrane antigen (magnification, x200), (C) cytokeratin (CK) 7 (magnification, x200), (D) epithelial cell adhesion molecule (magnification, x100) and (E) CK19 (magnification, x200) and (F) negative for mucicarmine stain (magnification, x100). As CoCC is considered to be derived from the Canals of Hering (1), it has been suggested that CoCC is pluripotent and may develop into HCC and̸or ICC (21) . This case contained a CoCC component only according to histological analysis of the liver biopsy specimen. As a biopsy specimen was used, the histological findings may not reflect all the characteristics of the whole tumor and the other unexamined tumors. However, the imaging findings were uniform in each tumor and were similar among all tumors. In addition, the reduction of tumor size was relatively uniform during chemotherapy.
The origin of CoCC has been controversial since the first report by Steiner et al (1) . CoCC was considered to be derived from the Canals of Hering. However, the interlobular ducts have also been hypothesized to be the origin of CoCC (1) . According to the recent morphometric and immunohistochemical studies, CoCC closely resembles interlobular duct structure (22, 23) . In addition, the CoCC cases in those studies did not include HCC components. Although CoCCs were considered to be pluripotent and may develop into HCC and̸or ICC (21), a considerable number of CoCCs are pure adenocarcinomas, without evidence of a HCC component. This fact may be the reason why the Liver Cancer Study Group of Japan does not recognize CoCC as combined HCC-cholangiocarcinoma (4) . As the present case only contained a CoCC component and the imaging findings were uniform in each tumor and similar among all tumors, this case may be a CoCC of pure adenocarcinoma type. Based on the cancer duct size (25 µm), our case may originate from interlobular ducts. However, CoCC is categorized as a subtype of combined HCC-cholangiocarcinoma in the 2010 WHO classification (3). There are also CoCC cases with an HCC component. Kondo et al described a small CoCC component located in a large background area of HCC (23) . It may also be hypothesized that only the CoCC component was biopsied from a combined HCC-cholangiocarcinoma. As a biopsy specimen was used, the histological findings may not reflect all the characteristics of the whole tumor and the other unexamined tumors.
To the best of our knowledge, there is only one report of correct diagnosis of CoCC using a needle biopsy tissue sample (24) . The majority of reported cases of CoCC have been diagnosed using pathological findings from resected tumors (6, 19, 25) . Therefore, if pathological diagnosis is not available due to advanced stage, CoCC may be clinically misdiagnosed as HCC due to the HCC-like early enhancement observed on dynamic CT. Chemotherapy for CoCC has not yet been reported. Further study is required regarding the response of CoCC to chemotherapy. Therefore, clinicians should consider the use of needle biopsy to ensure the correct diagnosis of atypical hypervascular lesions.
The prognosis of CoCC has not yet been clearly determined due to its low incidence. Motosugi et al reported that several-year follow-up studies indicate a quite varied doubling time of CoCC (26). Ariizumi et al reported that patients with CoCC exhibited less invasive histopathological characteristics with favorable long-term survival (6) . However, the insufficient number of previously reported cases and the diversity of stage at diagnosis or postoperative treatment make it difficult to make any generalizations regarding clinical outcome. Further studies are required to elucidate the prognosis of CoCC.
In conclusion, S-1 monotherapy was generally well-tolerated and exhibited promising efficacy against advanced CoCC.
Randomized controlled trials are required to establish effective treatment strategies for unresectable CoCC. However, it is difficult to recruit patients for trials, as CoCC is very rare. Multicenter trials are required to establish optimal treatments and improve the prognosis of patients with this disease.
